Purpose The number of patients on antiplatelet therapy (APT) who need surgery is increasing; however, it is unclear whether APT should be continued for abdominal surgery, particularly laparoscopic colorectal surgery. We investigated the safety of continuing APT for patients undergoing laparoscopic colorectal surgery. Methods We collected retrospective data from 529 patients who underwent laparoscopic colorectal surgery at Hiroshima University between January, 2013 and December, 2018. We analyzed information related to APT. Thirty-six pairs were matched by the propensity score method between patients on APT (APT+) and those not on APT (APT−). We compared the surgical outcomes of both groups. Results Among 463 patients eligible for the study, 48 were on APT for cerebrovascular or cardiovascular disease, and 36 continued to take aspirin. In the case-matched comparison, the amount of intraoperative blood loss in the APT+ group was not significantly higher than that in the APT− group, and the incidences of bleeding complications, thromboembolic complications, and other complications were not significantly different between the groups. Conclusion In a case-matched comparison, continuation of aspirin during laparoscopic colorectal surgery did not increase perioperative complications. In laparoscopic colorectal surgery, continuation of aspirin is an acceptable strategy for patients with thromboembolic risk caused by interruption of APT.
Introduction
Antiplatelet therapy (APT) is indicated for the prevention of primary and late thrombotic complications in patients with thrombotic diseases, such as cerebrovascular or cardiovascular disease. The number of patients with thrombotic disease is increasing in line with our aging population and deliberate antithrombotic management during abdominal surgical treatment is often required. Although interruption of APT is considered perioperatively to prevent excessive hemorrhagic risk, this can result in thrombotic events in patients with thrombotic diseases [1, 2] . Biondi-Zoccai reported that the withdrawal of aspirin treatment had ominous prognostic implications for patients at moderate-to-high risk for coronary artery disease and concluded that aspirin should be discontinued only when bleeding risk clearly overwhelms that of thrombotic events [3] . However, it remains unclear which situations should be given priority to interrupt APT. Although APT reduces the perioperative risk of thrombotic complications, it may increase the risk not only of worse intraoperative blood loss, but also of postoperative bleeding complications [4] . A meta-analysis revealed that aspirin continuation was not generally associated with higher mortality rates or poorer surgery outcomes, but it was associated with a 1.5-fold increase in perioperative blood loss [5] . Another meta-analysis suggested that APT at the time of non-cardiac surgery confers minimal bleeding risk with no difference in thrombotic complications [6] . Based on the findings of these investigations of intraoperative bleeding risk from APT, the safety profile for laparoscopic colorectal surgery while continuing APT remains unclear.
Laparoscopic colorectal surgery has become broadly accepted based on large multicenter randomized controlled trials, which show less blood loss [7] [8] [9] [10] [11] . However, it has not been extensively investigated whether APT affects the perioperative outcomes of patients undergoing laparoscopic colorectal surgery. Although some reports describe that laparoscopic colorectal surgery is safe for patients with APT [12, 13] , it is still difficult to establish the appropriate indications for the continuation of APT because surgical invasiveness in laparoscopic colorectal surgery differs among surgical procedures and is influenced by oncological status such as tumor stage. We investigated the safety of APT for laparoscopic colorectal surgery with the continuation of APT, while considering variations in the surgical procedures.
Methods

Patients
We collected data retrospectively from 435 consecutive patients who underwent laparoscopic colorectal surgery for clinically diagnosed adenocarcinoma, at Hiroshima University Hospital between January 2013 and December 2018. We excluded 18 patients who had multiple cancers, 3 who underwent cholecystectomy simultaneously, 18 who underwent robotic system surgery, 4 who underwent total colectomy, and 23 who were on chronic oral anticoagulation therapy. For each of the total 463 patients, we obtained the following data: sex, age, body mass index (BMI), information on comorbidity including antiplatelet therapy, American Society of Anesthesiologists (ASA) class, performance status (PS) (World Health Organization), risk classification of venous thromboembolism (VTE) based on the Caprini score [14] , tumor location, lymphadenectomy, surgical curability, tumor stage, and surgical outcome such as operative time, blood loss, intraoperative blood transfusion, open conversion, morbidity, and mortality. Morbidity included re-operation within 48 h, drop in hemoglobin level (> 2.0 g/dL), postoperative surgical site and other site bleeding, venous thromboembolism (VTE), cerebral or myocardial infarction, and other complications.
Perioperative management of antiplatelet therapy
We identified high thromboembolic risk patients comprehensively, and basically, following the guidelines of the Japan Gastroenterological Endoscopy Society ( Fig. 1 ) [15] . APT was generally interrupted 1 week before surgery and restarted in the early postoperative period for low thromboembolic risk patients. In high thromboembolic risk patients, APT was continued in the form of aspirin alone or heparin bridging treatment. If patients were on chronic oral anticoagulation therapy, they were managed by the interruption of anticoagulation 5-7 days before surgery, bridging anticoagulation with unfractionated heparin, and early postoperative reinstitution. In patients on both APT and oral anticoagulation therapy, the perioperative management of APT was combined with that of anticoagulation therapy. We excluded patients who were managed by heparin bridging from analysis of the safety of APT, because heparin bridging would be an independent risk factor for postoperative bleeding complications [16] . We managed VTE as outlined in our previous reports [17, 18] . Mechanical prophylaxis against VTE, including the postoperative use of elastic stockings and intermittent pneumatic compression was routine for all patients. Pharmacological prophylaxis was administered to those at clinically high risk of VTE categorized by institutional risk classification, as low molecular weight heparin: enoxaparin sodium [via subcutaneous injection, twice a day, with enoxaparin sodium (2000 IU) for 1 week].
Statistical analysis
Summary statistics were calculated using frequencies and proportions for categorical data and medians and ranges for continuous variables. Chi square tests were used for categorical data, and Mann-Whiney U tests and Kruskal-Wallis tests were used for continuous data.
Since there were differences in patient backgrounds and the style of operation among patients who continued to take aspirin (APT+) and those not on APT (APT−), we used a propensity score method to balance the observed covariates related to surgical invasiveness between the groups. Among patient factors, oncological factors and surgical factors, we chose the following as covariates which might affect surgical outcomes: sex, age, BMI, ASA-class, VTE risk classification, tumor location, lymphadenectomy, surgical curability and tumor stage. One-to-one propensity matching was performed using a caliper index of 0.20. Statistical analyses were performed using JMP13 for Windows (SAS Institute). P values of < 0.05 were considered significant.
Results
There were 463 patients in the final analysis, 48 of whom had been on APT for cerebrovascular or cardiovascular disease. Of those, 36 underwent laparoscopic colorectal surgery while continuing to take aspirin and 2 were managed by heparin bridging instead of continuation of APT. For the other 10 patients identified as being at low thromboembolic risk, APT was interrupted during the perioperative management (Fig. 2 ). The types of antiplatelet agents being used by these 48 patients were aspirin (n = 21), clopidogrel (n = 12), cilostazol (n = 6), ticlopidine (n = 1), a combination of aspirin and clopidogrel (n = 4), aspirin and cilostazol (n = 2), aspirin and ticlopidine (n = 1), and clopidogrel and cilostazol (n = 1) ( Fig. 3 ). APT was interrupted in four patients who had been on aspirin, one who had been on clopidogrel, three who had been on cilostazol, one who had been on ticlopidine, and one who had been on a combination of aspirin and ticlopidine. Two of the patients who had been taking clopidogrel were managed by heparin bridging. Table 1 summarizes the patient characteristics and oncological status of patients who had been on APT vs. those who had not (N-APT). The proportion of men was significantly higher in the APT group (P = 0.0276). The median ages were 75 and 67 years in the APT group vs. the N-APT group, respectively (P < 0.0001). Both ASA-class and PS were poorer in the APT group (P < 0.0001, P = 0.0039, respectively). The proportion of patients with diabetes was significantly higher in the APT group (P = 0.0018). VTE risk classification was also significantly higher in the APT group (P = 0.0068). Oncological status was not significantly different between the groups. The patient characteristics and surgical outcomes of the patients who continued on APT (C-APT) vs. those with interrupted APT (I-APT) were not significantly different (Tables 2, 3 , respectively). Next, we summarized the patient characteristics in the APT+ group vs. the APT− group. The median ages were 73 and 67 years, respectively (P < 0.0001), and the median BMI was 23.7 and 22.3, respectively (P = 0.0345). Both ASA-class and PS were poorer in the APT+ group (P < 0.0001, P = 0.0139, respectively). The proportion of patients with diabetes was significantly higher in the APT+ group (P = 0.0021). VTE risk classification was significantly higher in the APT+ group (P = 0.0018). For surgical factors, the distribution for the level of lymphadenectomy was significantly different in the two groups (P = 0.0212) ( Table 4 ).
Since APT may increase the risks related to perioperative bleeding complications, we compared the surgical short outcomes between the APT+ and APT− groups. In this cohort, patient background and surgical invasiveness, including the level of lymphadenectomy, differed between the groups. We selected 36 matched pairs from among these patients by the propensity score method and found no significant difference in any patient characteristics or surgical factor between the groups after matching (Table 4 ). In these matched pairs, the intraoperative blood loss in the APT+ group was not significantly higher than that in the APT− group (median, 57 and 54 ml, respectively, P = 0.5026). There were no significant differences in bleeding complications, thromboembolic complications, and other complications between the APT+ and APT− groups ( Table 5 ).
Discussion
We investigated the safety of patients continuing APT when undergoing laparoscopic colorectal surgery. This study demonstrated that continuation of APT during laparoscopic colorectal surgery did not increase perioperative complications in a case-matched comparison. Antithrombotic management and antibleeding management are contradictory strategies in surgical treatment. For patients on continuing antiplatelet agents, perioperative antithrombotic management during abdominal surgery is challenging due to the increased risk of perioperative bleeding and thromboembolism. When these patients undergo major abdominal surgery, interruption of APT is conventionally recommended to prevent hemorrhagic occurrence, but it has recently been considered that thromboembolic complications could be more critical than bleeding complications.
Major surgery, particularly that involving the abdomen, pelvis, and lower extremities, is an important trigger of a thrombophilic state [19] . This state is supposedly further aggravated by the proinflammatory and prothrombotic effect of surgical invasion during the perioperative period. Considering this context, the optimal management of patients with APT during major abdominal surgery is still undefined. Conversely, the Japan Gastroenterological Endoscopy Society guidelines for the management of patients on antithrombotic therapy state that its continuation is indicated during a gastroenterological endoscopic procedure. We applied this guideline to patients who underwent laparoscopic colorectal surgery and high thromboembolic risk patients who continued on a single antiplatelet agent, usually aspirin.
First, to evaluate whether APT should be interrupted during laparoscopic colorectal surgery in the clinical setting, we compared surgical outcomes between patients who continued APT and those whose APT was interrupted. In this study, no thromboembolic complications, including cerebral and myocardial infarction, occurred as a result of the interruption of APT, but it was difficult to recommend interruption of APT definitively because of the small number of cases. Therefore, we focused on investigating the safety of APT through a comparison with patients not on APT.
In laparoscopic colorectal surgery, various surgical factors determine invasiveness, such as the level of lymphadenectomy. Difficulty and invasiveness differ among procedures for colorectal surgery and are basically defined by tumor location. As such, these factors affect surgical outcomes, including intraoperative blood loss and postoperative bleeding complications. While it is important to consider such variations in the analysis of surgical outcomes, the high thromboembolic risk patients in this study potentially underwent less-invasive surgery to prioritize surgical safety because such patients generally have comorbidities, resulting in poor surgical outcomes. Another study considered that the level of lymphadenectomy was reduced in elderly patients, likely to have comorbidities causing perioperative complications [20] . Those authors performed a propensity score-matching analysis using not only patient background but also surgical invasiveness, including the level of lymphadenectomy [20] . In our retrospective study, patients in the APT+ group possibly underwent less-invasive surgery than those in the APT− group; therefore, we performed a propensity score method to balance surgical invasiveness. This may be the first report to include a surgical invasiveness-matched comparison to assess antithrombotic management during laparoscopic colorectal surgery. We evaluated outcomes without the different distributions of various surgical factors to arrive at a more precise validation of APT safety.
To evaluate the safety of laparoscopic colorectal surgery while continuing APT, we also compared surgical shortterm outcomes such as the amount of intraoperative blood loss, intraoperative blood transfusion, other morbidities, and mortality. It has been reported that blood loss during surgery for colon cancer influences long-term survival [21] , although the permissible blood loss without the risk of other outcomes is unclear. In this comparison, the amount of blood loss was not significantly different between the APT+ and APT− groups. Moreover, in these pairs, there were no cases of critical damage caused by intraoperative bleeding and no significant differences in other complications between the groups. These results suggest that laparoscopic colorectal surgery can be performed safely on patients continuing to take APT.
This study had some limitations. First, it was a retrospective cohort study, so there was bias in the management of APT. APT was continued for patients at high thromboembolic risk as identified by guidelines, but decisions were made comprehensively about whether to continue APT. Patients who were given heparin instead of APT during the perioperative period were excluded from the analysis because it was unclear whether this alternative treatment would affect surgical outcomes. Management to prevent VTE based on the risk classification differed among patients and this might also affect bleeding and thromboembolic complications. Second, there was bias in the selection of operation style, which we resolved between the APT+ and APT− groups using the propensity score method, although left-hemicolectomy, intersphincteric resection, and Hartmann operation were not included in this analysis. Third, comparison between the APT+ and APT− groups was performed on a small sample size due to the small number of patients on APT. The incidence of bleeding complications was generally less than 5% [22] . Since the frequency of symptomatic pulmonary thromboembolism has been reported as 0.5-1.6% [19, 23, 24] , it was difficult to evaluate such differences in this small sample size. In this study, there were no bleeding complications caused by the continuation of APT.
Conclusion
In a case-matched comparison, the continuation of aspirin did not increase perioperative complications. In laparoscopic colorectal surgery, continuation of aspirin is an acceptable treatment strategy for patients at thromboembolic risk caused by an interruption of APT.
